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A B S T R A C T
A 13-year-old girl developed the features of congestive heart failure on day three of intracardiac repair of
tetralogy of Fallot. A routine transthoracic echocardiography identiﬁed the missed supramitral ring
(SMR), closely placed just above the mitral valve, the very reason for severe mitral stenosis and its
implication in the present clinical deterioration. A rare association of SMR with tetralogy of Fallot may be
missed narrowly because closely placed SMR can sometimes mask its hemodynamic effect when present
with signiﬁcant right ventricular outﬂow tract obstruction as in this case.
<Learning objective: This case report highlights when a case of complex congenital heart disease is
referred for intervention or surgery, it is better to be veriﬁed by a pediatric cardiologist. Tetralogy of
Fallot (TOF) associated with supramitral ring (SMR) is reported as an anecdotal case report. Although it is
a mistake, it may be possible to miss the SMR when it is associated with TOF. The reasons are threefold:
(1) The rare association of SMR with TOF. (2) The close proximity of SMR to mitral valve. (3) Right
ventricular outﬂow obstruction in TOF reduces ﬂow across mitral valve i.e. a low cardiac output state.>
 2015 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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The supramitral ring (SMR) is associated with other congenital
heart diseases in more than 90% of cases [1]. The incidence of mitral
valve abnormality associated with tetralogy of Fallot (TOF) is 0.4%
[2]. The incidence of SMR with TOF is anecdotal [3,4]. The SMR may
be missed during echocardiography because of inherent close
proximity to the mitral valve [5] and low cardiac output conditions
such as TOF.
Case report
A 13-year-old girl developed features of congestive heart failure
on the third post-operative day after TOF repair. Clinically
jaundice, bilateral pitting pedal edema, and signiﬁcant soft tender
hepatomegaly were apparent. Internal jugular venous pressure
was raised. A grade III parasternal lift, normal ﬁrst heart sound,
loud second heart sound, and a remarkable rough rumbling mid
diastolic murmur at apex without accentuation were remarkable.* Corresponding author at: Department of Cardiology, Nizam’s Institute of
Medical Sciences, Hyderabad 500082, India. Tel.: +91 040 23404156;
fax: +91 040 23404156.
E-mail address: cardioramachandra@gmail.com (R. Barik).
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1878-5409/ 2015 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsThe serum bilirubin was 6.5 mg/dl. The ﬁndings of two-dimen-
sional (2D) echocardiogram were remarkable. It revealed situs
solitus levocardia, atrioventricular and ventricular concordance,
left aortic arch, and normal pulmonary and systemic venous
drainage. Right ventricle, right atrium, aortic, root and ascending
aorta were dilated. The polyethylene terephthalate patch at
ventricular septal defect location was in place without any
residual shunt. The repaired right ventricular outﬂow tract with
pericardial patch showed a gradient of 40/29 mmHg with
moderate pulmonary valve regurgitation (Fig. 1A). There was mild
tricuspid valve regurgitation with right ventricular systolic
pressure of 70 mmHg (Fig. 1B). Tricuspid valve annular systolic
excursion was 1.1 mm. The detailed view of mitral valve revealed
two papillary muscles placed at usual distance and normal valve
and subvalvular apparatus. However, there was a membranous
SMR closely adhered to the mitral valve, almost at a deceptive
disposition unless looked for and looked into as seen either in
parasternal long-axis view (Fig. 1C) or more obviously in apical
four-chamber view (Fig. 1D). The physical presence of SMR in this
case was hallmarked by ‘‘polar light sign’’ on color Doppler
interrogation of mitral valve in four-chamber view i.e. the ﬂow
across the mitral valve showed the maximum acceleration just at
the membrane with intense mosaic pattern. The mitral valve
gradient was 28/20 mmHg (Fig. 1E). There was mild pericardial
effusion. Inferior vena cava dilation was apparent. The surgical reserved.
Fig. 1.
Two-dimensional (2D) echocardiography. (A) Color Doppler across right ventricular outﬂow tract (RVOT) showed mild residual RVOT gradient (40/23 mmHg)
and moderate pulmonary valve regurgitation, adding volume overload to already pressure overloaded right ventricle. (B) 2D echocardiography showed mild
tricuspid regurgitation with severe pulmonary arterial hypertension, right ventricular systolic pressure (RVSP) of 70 mmHg. (C) 2D echocardiograph in
parasternal long-axis view showed very closely placed membranous supramitral ring (SMR), almost looks deceptively absent, a bit more echogenic valves
(marked by an arrow). This controversy was resolved by the apical four-chamber view. (D) 2D echocardiograph in apical four-chamber view showed a distinct
SMR, very closely placed just above the mitral valve as marked by arrows. (E) 2D echocardiograph with continuous wave Doppler interrogating mitral valve
shows severe mitral stenosis, a gradient of 28/20 mmHg.
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could have saved her life.
Discussion
The echocardiographic evaluation of complex congenital heart
diseases emphasizes a detailed sequential segmental analysis [6]
and the documentation of all the associated cardiac or extra cardiac
defects that may or may not be part of the particular syndrome
under evaluation to avoid missing unreported ﬁndings. The
diagnosis of SMR alone or in association with other cardiac defects
can be diagnosed easily with 2D echocardiography, transesopha-
geal echocardiography, and three-dimensional echocardiography.
It can be also distinctively differentiated from cor triatriatum with
echocardiography. An apical four-chamber view is the default and
best view for 2D image and color Doppler interrogation. A detailed
look into mitral valve apparatus is essential in congenital heart
disease evaluation. Echocardiographic evaluation is incomplete
without mitral valve without color Doppler interrogation. The
echocardiographic diagnosis of SMR is highly suggestive when
color ﬂow (mosaic) and pulse wave Doppler acceleration are
maximum just before mitral valve on left atrial side [7]. We looked
into the preoperative echocardiogram, but neither the mitral valve
apparatus was well focused nor the mitral inﬂow was interrogated
with color Doppler. The next step for preoperative evaluation of
TOF includes cardiac catheterization, contrast-enhanced comput-
ed tomography (CECT), and or cardiac magnetic resonance imaging
(CMRI) to evaluate coronary arteries, pulmonary arteries, and
aortopulmonary collaterals. We routinely do not perform left atrialor pulmonary artery angiogram in TOF during pre-operative
evaluation. Right ventricular angiogram is used to proﬁle the
pulmonary arteries when followed to levophage, left atrial ﬁlling
may be seen but the rapid ﬁlling left ventricle from right ventricle
via ventricular septal defect (VSD) masks the narrow contrast
stream from left atrium left ventricle in TOF. Cardiac MRI can show
real time slow emptying of left atrium in this condition. In our case,
we not do CECT or MRI. In our case, we had not checked pulmonary
arterial and pulmonary capillary wedge pressure because of
difﬁculty in crossing right ventricular outﬂow tract (RVOT) with
Swan-Ganz catheter, which could have helped us to suspect SMR.
The golden rule of cardiac hemodynamic is when there are two
obstructions in a series circuit, relieve the distal obstruction ﬁrst, if
it is hemodynamically signiﬁcant. It is obvious that the signiﬁcance
of distal obstruction is underestimated in the presence of proximal
obstruction.
Rarely, a pediatric cardiologist may also miss a rarely associated
cardiac defect [8]. In our case, a closely placed SMR was missed
narrowly when hunting for the constellation of syndromic
association in the Pandora’s Box of conotruncal anomaly.
Obviously, SMR can be well diagnosed, as any other mitral valve
inﬂow obstruction by 2D echocardiography. This is the ﬁrst report
of postoperative echocardiographic relocation of extremely rare
missed link. Demonstration of a partition within the left atrium is
imperative for successful repair of the combined lesions. We draw
attention to the need for careful echocardiography in TOF where a
closely adherent SMR detection would dramatically affect the
outcome by just missing a simple surgical resection, of a very much
treatable disease in one go. Adding this is to emphasize that SMR is
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‘‘intramitral’’ SMR should not be missed, as it is seen in more than
70% of SMR.
In summary, this unique case report highlights when a case of
complex congenital heart disease is referred for intervention or
surgery, it is better to be veriﬁed by a pediatric cardiologist. A
beautiful corollary is ‘‘Practice does not make perfect but a perfect
practice does’’.
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Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jccase.2015.06.
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